The design of efficient therapies for age-related macular degeneration (AMD) is limited by our 37 understanding of the pathogenesis of basal deposits, which form between retinal pigment epithelium 38 (RPE) and Bruch's membrane (BrM) early in disease, and involve activation of the complement system.
INTRODUCTION
Immunostaining for the main components of basal laminar deposits in AMD patients, such as EFEMP1, 144 laminin, fibronectin, collagen IV and VI [5, 41, 42] , confirmed that the abnormal ECM was comprised of 145 these proteins (Fig. 2) . The mutant EFEMP1 protein appeared to form extracellular aggregates that 146 extend along the abnormal ECM made by ARPE-19-EFEMP1 R345W/R345W ( Fig. 2E) , similar to what we 147 found in primary RPE from Efemp1 R345W/R345W mutant mice [29] . In contrast, EFEMP1 is barely visible in 148 the ECM made by wildtype ARPE-19 cells (Fig. 2F ). Collagen VI labeling in the wildtype ECM is 149 visualized as a continuous network of fibers with some thickened and localized areas ( Fig. 2G ), while the 150 mutant ECM presents a disorganized network of stretched fibers (Fig. 2H ). Collagen IV labeling shows a 151 similar pattern of that collagen VI, with less intense staining ( Fig. 2I, J) . Weak laminin staining appears 152 to localize in areas where ECM fibers converge (Fig. 2K ), and is more extended in the mutant ECM ( Fig.   153 2L). Fibronectin labeling ( Fig. 2M ) reveals an open network of fibers in the wildtype ECM, while in the 154 mutant ECM the fibronectin network appears to be thicker, with more than one layer of fibers ( Fig. 2N ).
155
Zymography analyses demonstrated that MMP-2 activity was significantly increased in conditioned 156 media from ARPE-19-EFEMP1 R345W/R345W cells compared to wildtype (t-test, p<0.0001), which indicates where the protein deposition is discreet (Fig 3. E, F) . We did not detect C3a in conditioned media from 167 edited ARPE-19 wildtype or ARPE-19-EFEMP1 R345W/R345W cells. 
170
To determine if the abnormal ECM made by the ARPE-19-EFEMP1 R345W/R345W cells can affect the 171 viability and function of normal RPE cells, we isolated primary hfRPE cells and seeded them on the 172 exposed ECM made by ARPE-19-EFEMP1 WT/WT and ARPE-19-EFEMP1 R345W/R345W cells on transwells. 173 hfRPE cells were cultured for 2 weeks in the absence of serum. Although the morphology of the cells in 174 both cultures was similar ( Fig. 4A, B ), transepithelial electrical resistance (TER) after 2 weeks was 175 slightly but significantly lower in cultures grown on abnormal ECM compared to wildtype (t-test, 176 p=0.0123) ( Fig. 4C ).
177
To study the formation of basal deposits by normal hfRPE cells grown on abnormal ECM, transwells 178 were decellularized after 2 weeks of hfRPE culture, and the exposed ECM was fixed for immunostaining 179 and SEM. SEM images demonstrated that hfRPE cells grown on normal ECM make typical ECM that 180 covers the insert uniformly ( Fig. 5A, C) . In contrast, the same hfRPE cells grown on abnormal ECM 181 make thick basal deposits that coat the surface of the transwell as a network of fibers with numerous 182 thickened areas over the original abnormal ECM ( Fig. 5 B, D) .
183
To test if the deposits made by the hfRPE cells were similar to the basal laminar deposits found in AMD 184 patients, immunostaining with antibodies for the main components of the latter (EFEMP1, collagen VI, 185 collagen IV, laminin, and fibronectin) was performed on the exposed ECM and deposits ( Fig 5) .
186
EFEMP1 was not detected in normal ECM (Fig. 5E ), but was clearly present in the basal deposits ( Fig.   187 5F). While normal ECM showed a discreet labeling for collagen VI (Fig. 5G) , collagen VI is a major 
206
We next asked if the abnormal basal laminar deposit material produced by hfRPE cells grown on 207 abnormal ECM was associated with increased local activation of complement via the tick-over process, 208 resulting in increased C3 deposition on the abnormal ECM. Immunostaining of the decellularized ECM 209 generated by hfRPE grown for 2 weeks on normal (made by ARPE-19-EFEMP1 WT/WT ) vs. abnormal 210 (made by ARPE-19-EFEMP1 R345W/R345W ) ECM in the absence of serum with antibodies for C3b/C3(H2O) 211 demonstrated increased deposition of activated C3 on the abnormal basal deposit material compared to 212 the normal ECM (t-test, p=0.0279) ( Fig. 7A, B ). CFH was also detected in areas of strong staining for Unlike classical and lectin pathways, which need the presence of microbial pathogens, alternative 215 complement pathway can be activated via tick-over by deposition of C3b on foreign structures. We tested 216 the hypothesis that induction of the tick-over mechanism via C3b deposition can cause chronic activation 217 of the alternative complement pathway by hfRPE grown on the abnormal ECM. For that, we measured 
224
We hypothesize that increased activation of the complement system by the RPE in response to abnormal 225 ECM is a shared mechanism in EFEMP1-associated macular degeneration and AMD. To test this 226 hypothesis, we evaluated the responses of normal hfRPE growth on BrM obtained from human eyes with 227 and without AMD. For these studies, we collected human eyes from age matched donors with and 228 without AMD (ages = 85±1 years). Four normal eyes and four eyes with AMD were used. To evaluate 229 the status of BrM in these eyes, BrM-choroid-sclera explants were evaluated by SEM and 230 immunostaining with antibodies to Collagen IV, which is a major component of the basal lamina in BrM 231 [5, 43] . SEM images demonstrated that BrM of AMD patients had an irregular pattern, where collagen 232 fibers form a network with hexagonal mosaic shape and spotted abnormal structures that resemble drusen 233 ( Fig. 8A, B ). Collagen IV was present in an irregular pattern in the AMD eyes, compared to more 234 homogeneous labeling in control explants ( Fig 8C, D) .
235
We next evaluated the response of hfRPE cells grown on the BrM from the normal and AMD eyes. For medium for 2 additional weeks in the absence of serum. MMP-2 activity in conditioned media was 240 significantly increased in cultures grown on AMD explants compared to controls, indicating that the ECM 241 turnover is also impaired by the BrM of AMD donors (t-test, p=0.0020) ( Fig. 8E ). Increased levels of 242 C3a were detected in the conditioned media from hfRPE cells grown on explants with AMD but not 243 media from cells grown on control explants ( Fig. 8F ) (ANOVA, p<0.0001). These data confirm that the 244 abnormal ECM in the AMD BrM is sufficient to cause local activation of complement system by normal 245 RPE cells.
DISCUSSION

247
The results reported here demonstrate that abnormalities in the ECM, including those caused by the 
317
To our knowledge, this is the first demonstration that abnormal matrix can initiate the local activation of 
361
Fragments were resolved in a 2.5% agarose gel.
362
Isolation of clonal cells was performed by limit dilution as previously described [39] . Although the 363 vector pSpCas9(BB)-2A-GFP (PX458) has GFP and it can be sorted by fluorescence, pilot experiments 364 showed that recovery efficiency for ARPE-19 was very low after sorting compared to limit dilution. 
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